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Outline ) e

= The context
= Total installed capacity of PV is growing fast
= Aiming for 12 GW of grid-connected renewable energy in 5
CA by 2020! “
= Large growth expected in distribution systems AmiEEEESRAAT N

Source: GTM Research, US Solar Market Insight 2013 Year in Review

= New problems

With alot of PV

= \Voltage & frequency control R

Voltage

. . Feeders wit) out oad!
=  Protection and disturbance recovery o hcoabe gy eentled
u System Sta bility Distance from Substation

= Advanced inverters are a big part of the solution, but
we need:
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= Definitions for advanced grid functions

= Recommendations for default settings for advanced g o | TS
functions AN

= Reliable and secure communication methods for o e s o o e o e a0 o0e
interoperability
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Current Electricity Grid Communications @&z.
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Smart Electricity Grid Communications @&,
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Types of Advanced Inverter Functions .

NOTE: CA Rule 21 SIWG
defined similar functions.

Advanced functions defined in IEC Technical Report 61850-90-7:

4 Voltage Support ) 4 Frequency Support \( Grid Protection )
. . : . (Response to Disturbances)
* Adjust Power Factor (INV3) Adjust Maximum Active Power (INV2)

m A » Connect/Disconnect (INV1)
YA P
> t L L
VIENNLS >t i
* Volt-Var Mode (VV11, VV12,VV13) | | « Request Active Power from Storage
Q (INV4) * Low and High Voltage Ride
\ 'T 1‘ Through (L/HVRT)
t
\ >V P = VT |_||—I
t

» Signal for Charge/Discharge (INV5) I

* Dynamic Reactive Power (TV31) $ 'I‘/w
St

>t

nom

'ﬁQ * Low and High Frequency
>\ * Frequency-Watt Mode (FW21, FW22) Ride Through (L/HFRT)*
\ P fT |I_
I ‘ g
1 nom
- Volt-Watt Mode (VW51; VW52) I > f | o
+ Watt-Power Factor (WP41, WP42)

'T‘Pmax
p— PF + Temperature Mode Behavior
(TMP)
- > P PFT —\

\_ >V VAN > Temp)

*FRT not included in IEC 61850-90-7, but is included in Rule 21 SIWG recommendations and Sandia Test Protocols. 9




Sandia Advanced Inverter Test Protocols

General guidelines for harmonized equipment
testing across different laboratories.

Precursor to equipment certification procedures.
= No pass/fail criteria
= Only suggestions for advanced function parameter sets
Two distinct phases for most functions:

=  Communication

= Send the signal from the Utility Management System
(UMS) Simulator

= Verify the communications reached the EUT
= Electrical behavior characterization

=  Measurement of the DC and AC characteristics to
verify the inverter updated its operation

0L

Test Protocols for Advanced Inverter
Interoperability Functions — Main Document

Jay Johnson, Sigfredo Gonzalez, Mark E Ralph, Abraham EBs, and Robert Brodenck
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Example Function: INV1 (Connect/Disconnect)
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= Advanced functions include multiple settings in additional to the curves/activation

= e.g., time window, timeout period, and ramp rate

INV1 Test Protocol Sequence.

Test Number

EUT Initial

INV1 Test Matrix.

Connect/Disconnect

Time Window

Timeout Period

Operating State

Command

(seconds)

(seconds)

Step Task Function Notes
1
Utility Requests Inverter Status
L Utility Receives Inverter Status
2|3 Utility Logs Inverter Status
E m
g
E Utility Issues INV 1 Command to Inverter
o
4 . .
Inverter Changes Operation and Confirms
5 Verlfycommand was DM - EUToutput is | Monitor electrical output of EUT to
° squ execute, ecorded & logged determing if EUT congects/ .
E ectrical Output is Monitored, Verify Operation
< Measure voltage, current, power factor
3 Record time
© 6 Repeat test with varying -
-g parameters (see Table A1-3). .
3  Repeat INV1 Tests with Range of Parameters
2 7
;: Analyze Electrical Behavior (Assign Pass/Fail)
<

10,
Test1 >59A rated power, Disconnect 1 Default (e.g., 0) Default (e.g., 0)
unity power factor
Test 2 Inverter off Connect 1 Default (e.g., 0) Default (e.g., 0)
10/
Test3 >5(M rated power, Disconnect 2 0 Default (e.g., 0)
unity power factor
Test 4 Inverter off Connect 2 0 Default (e.g., 0)
TestS >59% rated power, Disconnect 3 90 seconds 30
unity power factor
10/
Test 6 >5(.M’ rated power, Disconnect 4 60 seconds 0 (No Timeout)
unity power factor
Test 7 Inverter off Connect 4 60 seconds 0 (No Timeout)
Connect/Disconnect (INV1) Test Results at Sandia
3500
3000 P
§ ::1 F: E —— . F:;:
- u
= 2500 3 Y £
5 1 60 sec S
2 E Time Window !
o 2000 T k] o with Test 6 =
G 2 o - - H ]
Q gl §|E § ge 8 s
0 1500 8 =18 £ ga g
'2 QT S|a 1] § ‘é 5| 60sec
S1000 wfdfal o4 £z
- 3 =% = S @ 8 | Window
soo | ={F = o8 2ty
Ly K
0 |
11:46:19 11:47:46 11:49:12 11:50:38 11:52:05 11:53:31 11:54:58
Time
—DC Power (W) —Active AC Power (W)



Advanced Inverter Communications @ s.

= Data transfer from the utility/aggregator to the DER is a major challenge!
= |nteroperability
= Cybersecurity
= Communication latency, network dropouts, etc.

=  Competing communications solutions
= Protocol: DNP3, SEP, IEC 61850, Modbus, OpenADR, SunSpec
= Medium: Wi-Fi, PLC, Ethernet, Zigbee, Bluetooth
= Method: Direct, Broadcast
CA Electric Rule 21
Phase 1 Autonomous Functions

__[Function

Anti-Islanding Protection
Low/High Voltage Ride-Through

4

= Sandia has partnered with EPRI, SMA, Fronius, SCE, SMUD,
and SunSpec to develop communications specifications for

interchange over Modbus, SEP, and Zigbee gateways. Sandia
will:

Low/High Frequency Ride-Through
= (Create test protocols for the certification/conformance of CA

Rule 21 inverter functions and interoperability requirements.

4 Dynamic Volt/Var Operations

5 Ramp Rates (Normal, Emergency,
= Address cybersecurity concerns by establishing the underlying Soft Disconnect)
rules for the utility-to-DER communications.

I Fixed Power Factor
7 Reconnect by “Soft Start” (Ramp
and/or Random Start)
12




SunSpec-Sandia Collaboration

=  SunSpec has defined Modbus map specifications for DER
devices so 3™ parties can adjust functions/settings

= Sandia and the SunSpec Alliance are collaborating to establish
tools for verifying IEC 61850-90-7 functions:
=  Works for all SunSpec-Compliant PV Inverters (and other devices)

= Modes of operation: direct manipulation of Modbus registers,
python scripting, and interaction via a graphical user interface.

SunSpec_ID

_"-::::“"- - < G Cl y 5214 i )
4x40070 | Inverter Model - - B sutes =l INv1_2
. SunSpec DID - B -
3 SIlnel (103) B it Script ™
4x40122 | Nameplate Ratings ez B Global Parameters
tea SunSpec_DID H s Inverter Device Parameters
- ) *lizao (1z0) B nwis Interface Type RTU
4x40140 Basic Settings Tellse B Interface Name cons
- - b B W1 mapped Baud Rate 9600
Tl SunSpec_DID BN Parity N
4x40170 | Extended Meas. T | @21) v B MV2_mapped Slave Id 1
v B Test Run Mode Auto
: v B W11 _mapped INV1 Test Parameters
4x40207 Immediate Controls : v B owi Pre-Test Delay (seconds) 0
v B Wi12_mapped eration Connect
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4x40229 Other Control Block = & Srpts i s
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Figure 1: Chained [Inverter Control Blocks

GUI Version of the SunSpec Test Tool
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Video of SunSpec Test Tool at Sandia &

=  Demo of the SunSpec Test Tool communicating with and verifying the
operation of a connect/disconnect command.
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Default Deployment Settings ).

= CARule 21 Phase 1 has only autonomous functions. Voltage Ride-through Function
= No communication methods for updating the values. | [
= Settings will remain for the lifetime of the inverter.
Y “Must NOT Trip Zone
. May Trip Z
=  WHAT SETTINGS SHOULD MANUFACTURERS USE? P gy TP pne
= Voltage and frequency ride-through vustTrip Zote
= 1547a sets stage for jurisdiction-specific requirements.
=  Will V/FRT vary with location (e.g., state-to-state)? a5
Time{sec)
u VOIt'Va r Default settings Ranges of adjustability
- HOW mUCh deadband iS necessary to maintain grld Function | Frequency (Hz) Clearl(r;? time Frequency (Hz) Clearl(r;? time
ili UF1 57 0.16 56 — 60 0-10
Stablllty? UF2 59.5 20 56 — 60 0 — 300
= Some advanced function reduce inverter reliability, e.g., | S0 | %° 10 000t 0= %00
non-unity power factor increases IGBT switching losses OF1 60.5 20 6064 0 300
OF2 62 0.16 60 - 64 0-10

1547a FRT has large adjustment range.

= Modeling is critical to determine appropriate ranges Oum (VAR)
for the advanced function settings. é
0 V (pu)
Qmin

15
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UL 1741 Certification Settings ) e

« UL 1741 STP working groups are determining settings for the advanced inverter functions.

UL 1741 Advanced Grid Function Settings

Pass/fail criteria are being developed based on manufacturers’ stated accuracy

Without volt/var and freq/watt. With volt/var and freq/watt.
Figure 5 (o= [
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Volt/var & freq/watt functions make certain anti-islanding methods less effective. Simulations of an inverter using Sandia

Frequency Shift Al method shows that inverter returns to the non-detect zone with volt/var & freq/watt . 16




Future Work ) i

= UL STP to develop test protocols with the UL 1741 STP for Rule 21 advanced
inverter functions

= Update anti-islanding tests and advanced function tests

= Exercise and update the UL recommendations and Sandia Test Protocols

= Smart Grid International Research Facilities Network (SIRFN) members are testing residential
inverters and comparing results.

= Create, test, and release the SunSpec Test Tool
= Create, exercise, and update energy storage systems

= Development of cybersecurity measures for the interoperability




